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© Radiation-image reading apparatus. 

© A radiation-image reading apparatus using a 
phosphor layer (1) in the form of a disk (9) for 
recording a radiation image and capable of rotating. 
The phosphor layer is scanned with the excitation 
light (2) while it is rotated and the irradiation spot of 
the excitation light is moved in the radial direction 
(A) of the phosphor layer, thereby reading an inten- 
sity I of light emitted from the phosphor layer at 
each of different points thereon and the position of 
this emission represented by, for example, a radius 
R and an angle of rotation $ of the disk. The scan- 
ning is effected along concentric circles on the phos- 
phor layer so that items of information thereon are 
successively read. If a certain significant image has 
been recorded on a concentric circle, it is not always 
^necessary to scan the entire area of the phosphor 
flayer, and the image can be read by being circularly 
^scanned only one or several times. 
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RADIATION-IMAGE READING APPARATUS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to a radiation-image 
reading apparatus which reads a recorded radiation 
image from a radiation-image recording medium 
formed by using, as a means for recording radi- 
ation images, a phosphor layer which absorbs or 
accumulates radiation. More particularly, this inven- 
tion relates to an improvement of a type of 
radiation-image reading apparatus which reads a 
recorded radiation image by scanning the phosphor 
layer of the radiation-image recording medium with 
excitation light and detecting emission from the 
phosphor layer on the basis of a method of utilizing 
a phenomenon in which, if a phosphor layer is 
irradiated with excitation light, accelerated phos- 
phorescence emission takes place at the phosphor 
layer in accordance with the intensity of the accu- 
mulated radiation. 



Description of the Related Art 

This type of radiation-image reading apparatus 
has been developed in place of a method based on 30 
a radiograph using silver salt with a view to avoid- 
ing problems, e. g.. exhaustion of silver resources. 
There are examples of this type of radiation-image 
recording apparatus, such as the ones disclosed in 
Japanese Patent Laid-Open Nos. 59-13235 and 59- 35 
13236. 

The apparatus described in these publications 
is provided with: a radiation-image recording mem- 
ber which records a radiation image by using a 
phosphor layer which absorbs and accumulates 40 
radiation and which emits light in accordance with 
the intensity of the accumulated radiation after it is 
irradiated with excitation light; a light source which 
generates the excitation light; and an emission de- 
tecting device which detects the emission from the *t 
phosphor layer by using a light reflecting member 
disposed in the path of the excitation light and 
receiving light generated by the emission from the 
phosphor layer (hereinafter referred to as 
-emission light") at a position deviated from the 5< 
path of the excitation light. The phosphor layer is 
scanned with the excitation light, and the states of 
emission at the time of scanning at respective 
points on the scanning line are successively de- 
tected by the emission detecting device, thereby 



reading the radiation image recorded on the 
radiation-image recording member. 

To improve the efficiency of reading, it is de- 
sired, in the system of scanning using the excita- 
tion light, to suitably design the shape of the radi- 
ation recording member and the method of moving 
the irradiation spot of the excitation light. 

The above-mentioned publications disclose a 
technique- of using a cylindrical phosphor layer, 
making this layer rotate about the axis thereof, and 
relatively moving the phosphor layer and the 
source of excitation light in the direction of the axis 
of the phosphor layer, and another technique of 
using a flat-plane phosphor layer and moving the 
irradiation spot longitudinally and iatitudinaily along 
the plane. 

With respect to the shape of the radiation re- 
cording member and the method of moving the 
irradiation spot of the excitation light, however, it is 
also necessary to consider the adaptability to the 
outline of the radiation image recorded on the 
radiation recording member. If the shape of the 
recording member and the moving method are not 
designed with consideration for the outline of the 
radiation image, a useless part of the scanning 
increases so that the time taken to detect the 
outline of the image read and recognized is length- 
ened, resulting in a reduction in the efficiency of 
the reading operation, or the extent of movement of 
a movable part for use in the scanning increases 
so that the space occupied by the space is in- 
creased. 

In general, conventionally, a dichroic mirror is 
used as the light reflecting member. 

The light emitted from the phosphor layer is 
very weak compared with the excitation light. 
Therefore, to make the detection of emission more 
accurate and positive and increase the accuracy in 
the reading of the image, it is essential to minimize 
the loss of emission light in the path to the emis- 
sion detecting device and thereby increase the 
amount of emission light reaching the emission 
detecting device while preventing strong light such 
as refection light from entering the emission detect- 

i ing device. 

A dichroic mirror was selected as the light 
reflecting member in the above-mentioned exam- 
ples and was used as a measure to satisfy this 
requirement. 

o A dichroic mirror can provide a wavelength 

selecting property of allowing transmission of ex- 
citation light while reflecting emission light different 
from the excitation light. Therefore, it can eliminate 
reflection light from the excitation light by simply 
allowing transmission of this reflection light while it 
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reflects light emitted from the phosphor layer to the 
emission detecting device. 

However, the dichroic mirror tends to cause 
scattering and absorption or refraction due to its 
specific structure. In an apparatus which makes 
use of the dichroic mirror, there is a possibility of 
the emission light being reduced by scattering and 
absorption at the time of reflection, resulting in 
difficulty in detection of very weak emission, or 
there is a possibility deviation of the focal point 
during spot irradiation of the excitation light due to 
refraction at the time of transmission through the 
dichroic mirror, resulting in difficulty in performing 
reading with desired degrees of accuracy and defi- 
nition. In particular, it is difficult to use the dichroic 
mirror in a case where a diffraction image obtained 
as a radiation image is very weak and where deter- 
mination of the crystal orientation becomes incor- 
rect unless the position of a diffraction spot can be 
read with accuracy, such as a case in which a 
crystalline substance is irradiated with X rays and a 
diffraction image thereby obtained is observed to 
examine the crystalline structure of the substance. 



SUMMARY OF THE INVENTION 

It is a general aim of the present invention to 
solve these problems, and an object of the present 
invention is to provide a radiation-image reading 
apparatus capable of reading with improved effi- 
ciency an image recognized mainly as concentric 
circles or a similar type of figure, such as a diffrac- 
tion image of a Laue spot or Debye ring observed 
when a substance of a crystal structure such as a 
monocrystalline or poiycrystalline structure is irradi- 
ated with a specific type of X ray. capable of 
directly obtaining the orientation or the grain size of 
the crystal from information on the read image by 
performing comparatively simple calculations on 
this information without temporarily converting this 
information into a figure as in the case of a conven- 
tional photographic method, and capable of mini- 
mizing the extent of movement of the movable part 
during scanning so as to reduce the space oc- 
cupied by the apparatus. 

Another object of the present invention is to 
provide a radiation-image reading apparatus ca- 
pable of preventing light that is emitted from a 
phosphor layer from being attenuated by scattering 
or absorption as the light travels via a light reflect- 
ing member while preventing deviation of the posi- 
tion of irradiation with excitation light (focal point 
deviation) due to diffraction or other causes, and 
therefore capable of positively receiving and de- 
tecting the emission light even if the emission itself 
is very weak, and reading, with desired degrees of 
accuracy and definition, a radiation image recorded 



on the phosphor layer, the apparatus being ade- 
quately applicable to reading of X ray diffraction 
images. 

To these ends, the present invention provides 
5 a radiation-image reading apparatus which is de- 
signed to overcome the above-described problems 
by improving the structure and operation of the 
radiation-image recording member, the apparatus 
having: a radiation-image recording member ca- 
w pable of recording a radiation image by means of a 
phosphor layer which absorbs and accumulates 
radiation and which emits light if it is thereafter 
irradiated with excitation light, the intensity of this 
emission being determined in accordance with the 
75 intensity of the accumulated radiation; a light 
source for generating the excitation light; and an 
emission detecting device which detects emission 
on the phosphor layer by receiving the light emit- 
ted from the phosphor layer at a position deviated 
20 from the path of the excitation light; wherein the 
phosphor layer for recording the radiation image is 
provided in the form of a disk and is capable of 
rotating, and wherein the phosphor layer is 
scanned with the excitation light while it is rotated 
25 and. at the same time, the irradiation spot of the 
excitation light is moved in the radial direction of 
the phosphor layer, thereby reading an intensity I 
of the light emitted from the phosphor layer at each 
of different points thereon and the position of this 
30 emission represented by, for example, a radius R 
and an angle of rotation 9 of the disk. That is. the 
scanning is effected along concentric circles on the 
phosphor layer so that items of information thereon 
are successively read. If a certain significant image 
35 has been recorded on a concentric circle, it is not 
always necessary to scan the entire area of the 
phosphor layer, and the image can be read by 
being circularly scanned only one or several times. 
For instance/in a case where the radiation image is 
40 an X ray diffraction image of a substance of a 
monocrystalline structure or a poiycrystalline struc- 
ture (Laue spot, Debye ring, or the like), the ori- 
entation or the grain size of the crystal can be 
generally determined if only the position of at least 
45 one of spots distributed on concentric circles or the 
distribution coefficient is found. It is therefore pos- 
sible to obtain image information sufficient for ob- 
taining information on the orientation or the grain 
size by circularly scanning only one to several 
so times. At the same time, if the scanning is effected 
over the entire area, a multiplicity of items of 
information on the orientation and the grain size 
can be obtained. It is possible to use these items 
of information in order to make the determination of 
55 the orientation definite or obtain other kinds of 
information by processing them in an averaging 
manner or in other different manners. 

If the disk-like phosphor layer is scanned in 
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such a manner that the excitation light is moved 
relative to the phosphor layer in the radial direction 
thereof while the phosphor layer is rotated, the 
distance through which the excitation light is 
moved in the radial direction becomes equal to the 
radius of the phosphor layer, that is, it is at most a 
half of the range in which the image is recorded, so 
that the extent of movement of the movable part is 
reduced. This arrangement thus enables a reduc- 
tion in the space occupied by the apparatus. 

In addition, this radiation-image reading ap- 
paratus makes use of a light reflecting means 
which is adapted to introduce the light emitted from 
the phosphor layer to the light detecting means 
and which is of a newly developed type, in order to 
overcome the above-described problems. That is, 
the light reflecting member is constituted by a total 
reflection mirror which has an aperture for transmit- 
ting the excitation light and formed at its center at 
which the mirror intersects the path of the excita- 
tion light, and which has a total reflection surface 
for reflecting light in a total reflection manner 
formed on its surface facing the phosphor layer, in 
the use of this total reflection mirror provided as 
"the light reflecting member, the excitation light 
emitted from the light source can be freely trans- 
mitted through the hole formed at the center of the 
total reflection mirror without being refracted, there- 
by preventing deviation of the position of irradiation 
with the excitation light (focal point deviation) due 
to refraction or other causes and enabling elaborate 
scanning with accurate spot irradiation. 

In general, the excitation light is led to the 
phosphor layer perpendicularly thereto. In that 
case, the reflection of the excitation light most 
intensely takes place in the direction opposite to 
the direction of the entrance path (optical axis) of 
the excitation light, and the reflection light traveling 
along this entrance path can be freely transmitted 
through the total reflection mirror by the hole as in 
the case of the entering excitation light so that it is 
expelled to the side of the light source. 

On the other hand, part of the emission light 
which travels along the entrance path is expelled to 
the side of the light source by being transmitted 
through the hole while the other part passing 
though the remaining area can suitably be reflected 
to the emission detecting device without causing 
scattering or absorption. 

Therefore, the emission light can be prevented 
from being attenuated by scattering and absorption 
occurring at the reflecting surface of the light re- 
flecting member at which the emission light is 
reflected, while only the amount of the part thereof 
that passes through the hole remains as a factor of 
attenuation. However, it is possible to minimize, by 
making the excitation light very fine, the hole to a 
very small size which is negligible when compared 



with the comparatively wide reflection area. The 
degree of attenuation corresponding to the amount 
of light passing through the hole is therefore negli- 
gible when compared with an increase in the 
5 amount of received light realized by the suitable 
reflection on the reflecting surface whose area is 
much greater than that of the hole. 

Thus, the radiation-image reading apparatus in 
accordance with the present invention is capable of 
70 preventing the emission light from being attenuated 
by scattering or absorption occurring as this light 
travels via the light reflecting member, while pre- 
venting the position of irradiation with the excitation 
light (focal . point deviation) due to diffraction or 
75 other causes, and this apparatus can therefore 
positively receive and detect the emission light 
even if the emission itself is very weak and, at the 
same time, it can read the radiation image re- 
corded on the phosphor layer with desired degrees 
20 of accuracy and definition. Therefore, the present 
invention is also suitable for the application to the 
process of accurately reading a very weak image 
such as an X ray diffraction image. 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is diagram of the whole of a radiation- 
image reading apparatus which represents an em- 
30 bodiment of the present invention; and 

Fig. 2 is an illustration of a radiation image 
recording member as viewed in the direction of the 
arrow II in Fig. 1 . 

35 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT "~~ 

Referring" to Fig. 1 , a radiation-image recording 

40 apparatus which represents an embodiment of the 
present invention is provided with a radiation-image 
recording member 1 . a light source 3 for generat- 
ing excitation light 2, a light reflecting member 4 
disposed in the path of the excitation light 2. an 

45 aspherical lens 5 provided as a condenser means 
and positioned in the path of the excitation light 2 
between the light reflecting means 4 and the 
radiation-image recording member 1 , and an emis- 
sion detecting device 6. 

so The radiation-image recording member 1 is 

composed of a support plate 9 in the form of a disk 
and a phosphor layer 10 in the form of a. cor- 
responding disk formed on a surface of the support 
plate 9, and is connected to a rotary drive means 

55 1 1 such as a motor adapted to drive and rotate the 
support plate 9 about the center thereof. The motor 
11 is secured by a fixing member 1 1a to a fixing 
portion Ft (e. g.. a frame of the apparatus). The 
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phosphor layer 10 is formed in such a manner that 
a phosphor which has accumulation properties and 
which absorbs and accumulates radiation and, after 
being irradiated with the excitation light 2. emits 
light in the manner of accelerated phosphores- 
cence emission in accordance with the intensity of 
the accumulated radiation is applied over the re- 
cording member 1 to a desired thickness. The 
recording member 1 records a radiation image 12 
of a subject (see Fig. 2) when it is irradiated with 
radiation transmitted through the subject. 

The phosphor layer 10 having the above prop- 
erties may be a layer having a thickness of about 
150 um and formed from a material composed of 
BaFBr doped with Er 2 * (e. g.. one marketed by Fuji 
Photo film Co.. Ltd.). 

The phosphor layer 10 functions such that, if it 
is irradiated with excitation light having a 
wavelength of 633 nm (oscillation wavelength of 
He-Ne laser) after being irradiated with radiation, it 
emits light having an intensity in accordance with 
the amount of this radiation (light having a 
wavelength of 400 nm). The support plate 9 is in 
the form of a disk having a radius of 200 mm and a 
thickness of 10 mm and made of aluminum 
(A2017P) and having a radius of 200 mm and a 
thickness of 10 mm. The motor 11 may be a well- 
known type of pulse motor. The rotational speed 
thereof can be controlled by electric pulses sup- 
plied from a well-known type of control circuit (not 
shown). At the same time, information on the angle 
of rotation of the motor can be obtained. It is 
assumed here that the excitation light 2 is elec- 
tromagnetic radiation including visible light ultra- 
violet light, infrared light while the radiation in- 
cludes X rays, gamma rays, beta rays, alpha rays, 
and neutron rays. 

The light source 3 is constituted by a He-Ne 
laser generating device (oscillation wavelength: 633 
nm, oscillation output: 5 to 7 mW) and is fixed to a 
fixing portion F 2 (e. g., a portion of the frame of the 
apparatus). One end of a flexible optical fiber 3A is 
connected to the light source 3. A beam expander 
3b is attached to the other end of the optical fiber 
3a. The arrangement is such that excitation light 
having a beam diameter of 2 mm is issued from 
the light emitting end of the beam expander 3b. 

The light reflecting member 4 is disposed in 
the path of the excitation light 2 and is adapted to 
separate light 14 emitted from the phosphor layer 
10 from the reflection of the excitation light 2 and 
send the separated light to the emission detecting 
device 6. The light reflecting member 4 has at its 
center a hole 4a through which the excitation light 
2 is introduced and at which it intersects the path 
of the excitation light 2. A mirror surface 4b for 
total reflection is formed on the surface of the light 
reflecting member 4 facing the phosphor layer 10 



so that the light reflecting member 4 has a function 
of a total reflection mirror. In more detail, the light 
reflecting member is formed in such a manner that 
a major surface of a glass base (crown glass) in 

5 the form of a rectangular plate of 38 x 36 mm 
(thickness: 3 mm) is coated with aluminum, and a 
material such as IvUFj is evaporated over this 
aluminum coating to form an ultraviolet light trans- 
mission dielectric layer, thereby increasing the re- 

70 flectivity to light having a wavelength of about 400 
nm. A through hole having a diameter of 2 mm is 
formed at the center of the light reflecting member 
such that it extends along the path of the^ excitation 
light 2 (at an angle of approximately 45* from the 

75 major surface of the base). 

The aspherical lens 5 is adopted as a novel 
feature in accordance with the present invention. A 
type of apparatus in which a spherical lens is used 
as a condenser lens for effecting spot irradiation on 

20 the phosphor layer 10 is known. However, the ratio 
of the aperture to the focal length of an aspherical 
lens can be higher than that of a spherical lens, 
and it is possible to greatly improve the condensa- 
tion efficiency by using the such an aspherical 

25 lens. 

The aspherical lens 5 has a focal length of 12 
mm, a diameter of 18 mm, a thickness of 8. 8 mm. 
The distance between the focal point and the sur- 
face of the lens 5 is 6.9 mm, and the reverse 
30 surface of the lens 5 is convex and spherical. 

The emission detecting device 6 receives the 
emission light 14 reflected by the reflecting mem- 
ber 4 and thereby detects the emission. The emis- 
sion detecting device 6 is provided with a 

35 photomultiplier 6a which receives light and outputs 
a predetermined signal in accordance with the in- 
tensity of the light, and a filter 6b which is disposed 
in front of the light receiving surface of the 
photomultiplier 6a and which functions to eliminate 

40 light other than the emission light 14. The emission 
detecting device is disposed in a position deviated 
from the path of the excitation light 2. An output 
signal supplied from the photomultiplier 6a is cal- 
culated or displayed by an image information pro- 

45 cessing device (constituted by, for example, a 16- 
bit microcomputer) or a display device (constituted 
by, for example, a CRT display having 600 x 600 
dots). 

The photomultiplier 6a may be a type of 
so photomultiplier capable of detecting light having a 
wavelength ranging from 300 to 650 nm 
(extensively on the market). 

The filter 6b may be a color glass filter which 
allows only light having a wavelength of 400 nm to 
55 pass, or a group of several glass filters of this type 
superposed on each other. 

The support frame 16 integrally supports the 
beam expander 3b disposed at the light emitting 
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end of the optical fiber 3a, the aspherical con- 
denser lens 5. and the emission detecting device 6 
while maintaining in a certain relationship there- 
between. In the relationship maintained by the sup- 
port frame 16, the light reflecting member 4 is 
inclined by an angle of 45* from the path of the 
excitation light 2; the excitation light 2 is led to the 
phosphor layer 10 perpendicularly thereto; and the 
emission light 14 is reflected in the direction per- 
pendicular to the excitation light 2. 

The support frame 16 can be moved by a 
driving means 18 in the direction along the surface 
of the phosphor layer 10 (direction indicated by 
arrow A in the figure) from the outer periphery of 
the phosphor layer 10 over a range generally cor- 
responding to the radius of the phosphor layer 10. 
The speed at which the support frame 16 moves 
can be set in a linked relationship with the rota- 
tional speed of the rotary drive means 11. 

The driving means 18 is constituted by a guide 
rod 18a standing on a fixing portion F 3 (e. g., a 
portion of the frame of the apparatus), a movable 
piece 18b slidably fitted around the guide rod 18a, 
a screw rod 18c screwed into the movable piece 
18b. and a pulse motor 18d adapted to drive and 
rotate the screw rod 18c. 

The support frame 16 is fixed to an upper 
portion of the movable piece 18b as viewed in Fig. 
1 while the motor 18d is fixed to the fixing portion 
F 3 . The movable piece 18b can be moved in the 
direction indicated by the arrow A in Fig. 1 by the 
control of the motor 18d using a wellknown type of 
control circuit (not shown). In this case, it is possi- 
ble to obtain the positional information relating to 
this movement by. for example, a well-known meth- 
od of counting the number of pulses supplied to 
the pulse motor 18d. 

In the described example of the arrangement in 
accordance with the present invention, the con- 
denser means is moved while the phosphor layer is 
fixed, in order that the position of the condensing 
point of the condenser means on the phosphor 
layer is moved relative to this layer. Conversely, 
the arrangement may be such that the phosphor 
layer is moved while the condenser means is fixed. 
This type of arrangement, which will not be de- 
scribed in detail, can be realized in a comparatively 
simple manner. For example, it is constructed by 
securing the support frame 16 to the fixing portion 
F 3 while attaching the support plate 9 to the mov- 
able piece 18b of the driving means 18 (secured to 
the fixing portion Fi). 

The image reading operation of this radiation- 
image reading apparatus is conducted in such a 
manner that the phosphor layer 10 is rotated by the 
rotary drive means 11 while the support frame 16 
is moved at a certain speed each time the phos- 
phor layer 10 makes one round so that the phos- 
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phor layer 10 is scanned with the excitation light 2. 

That is, states of emission at respective points 
on the scanning line at the time of scanning are 
successively detected by the emission detecting 
device 6, thereby reading the radiation image re- 
corded on the phosphor layer 10. 

This process may be conducted by setting the 
rotational speed of the support plate 9 to about 400 
rpm and intermittently moving the support frame 16 
to a certain distance each time the support plate 
makes one round, or it is conducted by setting the 
rotational speed of the support plate 9 to 400 rpm 
and continuously moving the support fame 16 at a 
speed of about 50 mnrvmin in a linked relationship 
with the rotation of the support plate. 9. 

It is preferable to set the speeds of rotation and 
movement of these members within a range of 200 
to 2000 rpm and a range of 25 to 500 mm/min, 
respectively. If the speeds are below these ranges, 
advantages of the use of this apparatus for reading 
are not conspicuous. If the speeds are above these 
ranges, it is difficult for existent data processing 
devices to perform desired calculations. 

In the above-described arrangement, the phos- 
phor layer 10 is provided in the form of a disk and 
is designed to rotate; the light emitting end of the 
light source 3, the light reflecting member 4, the 
aspherical lens 5 and the emission detecting de- 
vice 6 are collectively retained by the support 
frame 16; and the support frame is made movable, 
thereby making it easy to control the movable part 
at the time of scanning and minimizing the extent 
of movement of the movable part such that the 
distance through which the support frame 16 
moves becomes generally equal to the radius of 
the phosphor layer 10, that is, a half of the range in 
which the image is recorded. This arrangement 
thus enables a reduction in the space occupied by 
the apparatus. 

Also, in a case where the radiation image is an 
X ray diffraction image of a substance of a mon- 
ocrystatline structure or a polycrystalline structure, 
the orientation or the grain size of the crystal can 
be generally determined if only the position of at 
least one of spots distributed on concentric circles 
or the distribution coefficient is found. It is therefore 
possible to obtain image information sufficient for 
obtaining information on the orientation or the grain 
size by circularly scanning only one to several 
times. At the same time, if the scanning is effected 
over the entire area, a multiplicity of items of 
information on the orientation and the grain size 
can be obtained, it is possible to use these items 
of information in order to make the determination of 
the orientation definite or obtain other kinds of 
information by processing them in an averaging 
manner or in other different manners. The posi- 
tional information for determination of the orienta- 
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tion is directly obtained as an angle of rotation 6 
and a radius R of the disk by calculating the image 
information read out in the above step, without 
temporarily making the diffraction image visible 
and thereafter reading R and 0 from the visible 5 
image as in the case of the conventional photo- 
graphic method. Moreover, these calculations are 
remarkably simpler than those in the case of other 
scanning methods of, e. g., scanning longitudinally 
and latitudinally, actually enabling a performance io 
which could not be attained by the conventional 
photographic method, e. g.. a performance of im- 
mediately calculating the orientation and grain size 
of the crystal by instantaneously reading the dif- 
fraction image of the crystal accumulated on the is 
phosphor layer. 

In addition, this radiation-image reading ap- 
paratus makes use of a total reflection mirror as the 
light reflecting member 4 so that the excitation light 
emitted from the light source 3 is freely transmitted 20 
through the hole 4a formed at the center of the 
total reflection mirror without being refracted, there- 
by preventing deviation of the position of irradiation 
with the excitation light 2 (focal point deviation) due 
to refraction or other causes and enabling elaborate 25 
scanning with accurate spot irradiation. 

In general, the excitation light 2 is led to the 
phosphor layer 10 perpendicularly thereto. In that 
case, the reflection of the excitation light 2 most 
intensely takes place in the direction opposite to 30 
the direction of the entrance path (optical axis) of 
the excitation light 2, and the reflection light travel- 
ing along this entrance path can be freely transmit- 
ted through the total reflection mirror by the hole 
4a as in the case of the entering excitation light 2 35 
so that it is expelled to the side of the light source 
3. 

On the other hand, part of the emission light 14 
which travels along the entrance path is expelled to 
the side of the light source 3 by being transmitted 40 
through the hole 4a while the other part passing 
though the remaining area can suitably t>e reflected 
to the emission detecting device 6 without causing 
scattering or absorption. 

Therefore, the emission light 14 can be pre- * 
vented from being attenuated by scattering and 
absorption occurring at the reflecting surface of the 
tight reflecting member 4 at which the emission 
light 14 is reflected, while only the amount of the 
• part thereof that passes through the hole 4a re- 5 

mains as a factor of attenuation. However, it is 
possible to minimize, by making the excitation light 
very fine, the hole 4a to a very small size which is 
negligible when compared with the comparatively 
wide reflection area. The degree of attenuation 1 
corresponding to the amount of light passing 
through the hole 4a is therefore negligible when 
compared with an increase in the amount of re- 



ceived light realized by the suitable reflection on 
the reflecting surface whose area is much greater 
than that of the hole 4a. 

As described above, in the radiation-image 
reading apparatus in accordance with the present 
invention, the light 14 emitted from a phosphor 
layer is prevented from being attenuated by scat- 
tering or absorption occurring as it travels via the 
light reflecting member 14 while the position of 
irradiation with the excitation light (focal point de- 
viation) due to diffraction or other causes is also 
prevented, so that the emission light can therefore 
be positively received and detected even if the 
emission itself is very weak, and that the radiation 
image recorded on the phosphor layer 10 can be 
read with desired degrees of accuracy and defini- 
tion. Therefore, the present invention is also suit- 
able for application to a case where a diffraction 
image obtained as the radiation image is very weak 
and where determination of the crystal orientation 
becomes incorrect unless the position of a diffrac- 
tion spot can be read with accuracy, such as a 
case in which a crystalline substance is irradiated 
with X rays and a diffraction image thereby ob- 
tained is observed to examine the crystalline struc- 
ture of the substance. 



Claims 

1. A radiation-image reading apparatus com- 
prising: 

a radiation-image recording member having a 
phosphor layer having a property of emitting light 
from its portion previously irradiated with radiation 
when being irradiated at said portion with excitation 
light the intensity of light emitted from said phos- 
phor layer being determined in accordance with the 
intensity of said radiation; 

a light source for generating excitation light 
with which said phosphor layer of said radiation- 
image recording member is irradiated; 

light detecting means for detecting light 
emitted from said phosphor layer of said radiation- 
image recording member when said phosphor lay- 
er is irradiated with said excitation light, said de- 
tecting means performing said detection at a posi- 
tion deviated from the optical axis of said excitation 
light; and 

condenser means for condensing said excita- 
tion light emitted from said light source to a point 
on said phosphor layer of said radiation-image re- 
cording member while condensing scattered light 
from said point on said phosphor layer to which 
said excitation light is condensed, said condenser 
means thereby changing said scattered light into 

parallel rays, 

said radiation-image reading apparatus reading 
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a radiation image recorded on said radiation-image 
recording member by scanning said phosphor lay- 
er with said excitation light and detecting, by 
means of said light detecting means, light emitted 
from respective points of said phosphor layer along 
the scanning line, 

said radiation-image reading apparatus being 
characterized in that said radiation-image recording 
member is formed of a support plate (9) in the 
form of a disk capable of rotating about an axis 
passing said disk at the center thereof perpendicu- 
larly thereto, and a phosphor layer (10) having said 
property and formed on said support plate, and 

said radiation-image reading apparatus being 
also characterized by comprising driving means 
(18) for moving said position of said point on said 
phosphor layer (10) of condensation effected by 
said condenser means so that said point moves 
relative to said disk-like support plate (9) in the 
radial direction of said disk. 

2. A radiation-image reading apparatus accord- 
ing to claim 1, wherein said driving means (18) 
includes means adapted to intermittently move in a 
linked relationship with the rotation of said disk-like 
support plate (9). 

3. A radiation image reading apparatus accord- 
ing to claim 2, wherein said driving means (18) 
includes means adapted to move by one step each 
time said disk-like support plate (9) makes one 
round. 

4. A radiation-image reading apparatus accord- 
ing to claim 1, wherein said driving means (18) 
includes means adapted to continuously move in a 
linked relationship with the rotation of said disk-like 
support plate (9). 

5. A radiation-image reading apparatus accord- 
ing to claim 4, wherein said driving means (18) 
includes means adapted to move at a speed rang- 
ing from 25 to 250 mm/min when said disk-like 
support plate (9) rotates at a speed ranging from 
200 to 2000 rpm. 

6. A radiation-image reading apparatus accord- 
ing to claim 1 , further comprising a light reflecting 
member (4) which allows excitation light (2) emitted 
from said light source (3) to pass and leads said 
excitation light to the optical axis of said condenser 
means (5), and which reflects light (14) emitted 
from said phosphor layer (10) and changed into 
parallel rays by said condenser means (5) and 
leads said parallel rays to said light detecting 
means (6). 

7. A radiation-image reading apparatus accord- 
ing to claim 8, wherein said light reflecting member 
(4) includes a reflecting member which serves as a 
total reflection mirror and which has an aperture 
(4a) for transmitting said excitation light and formed 
at its center at which said reflecting member inter- 
sects the path of said excitation light (2), a total 



reflection surface for reflecting light in a total reflec- 
tion manner being formed on a surface of said 
reflecting member facing said phosphor layer (10). 
8. A radiation-image reading apparatus according 
to claim 1, wherein said condenser means (5) in- 
cludes an aspherical lens. 
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